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FOREWORD 
The International Institute for Applied Systems Analysis 
is preparing a Handbook of Systems Analysis, which will appear 
in three volumes: 
a volume 1: Overview is aimed at a widely varied audience 
of producers and users of systems analysis studies. 
Volume 2: Methods is aimed at systems analysts and other 
members of systems analysis teams who need basic knowledge of 
methods in which they are not expert; this volume contains 
introductory overviews of such methods. 
Volume 3: Cases contains descriptions of actual systems 
analyses that illustrate the diversity of the contexts and 
methods of systems analysis. 
Drafts of the material for Volume 1 are being widely 
circulated for comment and suggested improvement. This Working 
Paper is the current draft of Chapter 3. Correspondence is 
invited. 
Volume 1 will consist of the following ten chapters: 
1. The context, nature, and use of systems analysis 
2. The genesis of applied systems analysis 
3. Examples of applied systems analysis 
4. The methods of applied systems analysis: An 
introduction and overview 
5. Formulating problems for.systems analysis 
6. Objectives, constraints, and alternatives 
7. Predicting the consequences: Models and modeling 
8. Guidance for decision 
9. Implementation 
10. The practice of applied systems analysis 
To these ten chapters will be added a glossary of systems analysis 
terms and a bibliography of basic works in the field. 
12 October 1981 
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CHAPTER 3. EXAMPLES OF APPLIED SiSTEMS ANALYSIS 
Edward S. Quade 
1. INTRODUCTION 
Applied systems analysis, whle not a completely new idea, has been prac- 
ticed for a relatively short time. Many people are not aware of the kinds of 
issues on whch it might be employed, of the results that  can be expected, or of 
the resistance its most logical results can meet  from the people affected. 
Examples and case hstories  a re  a way of alerting the public to the advantages 
and drawbacks of a systems approach to decisionmaking, particularly when 
applied to public decisions outside the military or industrial context. 
Analysts may also profit from reviewing examples. The craft of systems 
analysis is not easy to  master .  Often the analyst must take actions important to 
the success of h s  study tha t  do not appear to be a s tep in any systematic way of 
describing the process of carrying out such a study -- the sort of thing that  
comes from practical experience. The review of examples and case studies is, to 
a limited extent, a substitute for practice, although an  inadequate one. Examin- 
ing cases can also help to make clear some of the compromises with mathemati- 
cal and scientific exacbtude that a re  often needed to make progress, comprom- 
ises forced not only by the pressure of time or the need to win acceptance for 
the work, but  also because without them the mathematics might be beyond our 
capabilities. 
Each of the examples presented in t h s  chapter emphasizes different 
aspects of the analytic process, the arrangement being roughly in the order of 
increasing difficulty. 
In the first case the problem was clearly defined, and an adequate measure 
of effectiveness was available, one that the decisionmakers, a small group of pro- 
fessionals, relatively free from political pressure and sympathetic to the use of 
analysis, did not question. The approach, although it required imagination to 
deslgn, made use of well established mathematical models. Our attention here 
is on the means to obtain a demonstrably superior solution and its smooth 
implementation. 
The second case deals with a situation in whch the process of converting 
the results of analysis into changes in operations was more difficult and time 
consuming than the process of performing the analysis. Here the decision as to 
what action to take had to be made on the basis of a proxy or surrogate measure 
of effectiveness, using crude models of recent design, thus leaving room for 
argument and disagreement by those whose special interests were threatened. 
The t h r d  case involved a major decision affecting an entire country in 
whch a choice had to be made among strategies, no one of whlch was clearly 
superior to any of the others in all respects. Here the major attention is to the 
method by which the results were presented to the decisionmakers, legislators, 
mostly without analytic training, representing constituencies with widely varied 
interests. who had to choose their action in an intensely political situation. I t  is 
also typical of the type of problem in which there is no direct empirical verlfica- 
tion that the choice made is best, or even adequate. 
The fourth case is concerned with a critical global problem, i.e., one whose 
concerns cut  across national boundaries and for whch no solution can be suc- 
cessfully implemented without cooperative joint action. In contrast to the previ- 
ous cases, whle the analysis demonstrated that solutions exist, owing to the 
nature of the decisionmaking situation i t  was unable to provide more than 
general guidelines for obtaining good decisions. The study results offer a way to  
focus the hundreds of decisions, possibly otherwise uncoordinated, required dur- 
ing the next few years to resolve the issue of achieving a globally sustainable 
solution. 
In preparing the descriptions of the several case studies that follow, we 
have made no effort to distinguish between the material written and published 
by the analysts responsible for the  studies and that inserted or  modified by the 
author of this chapter.  Most of the material is, in fact ,  taken almost verbatim 
from the original reports and other publications. We do t h s ,  of course, with the 
permission of the original authors and the copyright holders. 
2. IMPROVING BLOOD AVAILABILITY AND UTILIZATION 
Background. Blood is a living tissue of unique medical value. It is the veh-  
cle that carries oxygen, nutrients, and chemicals to all parts  of the  body, and 
carries away waste products. It  appears in  8 major blood types whose frequen- 
cies vary from 38% (Oc) to 0.5% (AB-) in the human population. It is composed 
of several components (red cells, white cells, platelets, plasma), all of which can 
be extracted from whole blood through appropriate procedures. Each of these 
components serves a separate function in the human organism, and has a dif- 
ferent use in its medical treatment.  All of these components are  perishable, 
with their lifetimes varylng from 24 hours (platelets) to  21 days (red cells). 
Whole blood and red cells, both of w h c h  have a lifetime of 21 days, together 
account for more than 95% of the transfusions that  take place in the U S  today. 
The 21 days is currently a legally defined lifetime in the IJnited States,  after 
which the blood has to be discarded. 
Blood is collected in units of one pint per donor a t  collection sites such as a 
Regional Blood Center (RBC), a Hospital Blood Bank (HBB), or a mobile unit. 
When collected it undergoes a series of typing and screening tests  and, once 
processed, if needed (i.e.. frozen or separated into components), it is shipped to 
a Hospital Blood Bank to  be stored and be available to  satisfy demands for 
transfusions. 
The Hospital Blood Bank operates as a storage and issuing agency. During 
the course ol a day the Blood Bank receives a random number of transfusion 
requests for each blood type, each request for a random number of units. Once 
a request for a patient'is received, the appropriate number of units of that type 
are removed from free inventory and upon successful crossmatchng they are 
placed on reserve inventory for this particular patient. Any of these units that 
are not transfused are returned back to free inventory. Demand is defined to be 
the number of units requested, and usage  to be the number of units transfused. 
Any units that are not used within their lifetime are considered outdated  and are 
discarded from inventory. 
Historically, HBBs have generally maintained high inventories of most of the 
B different types of each blood product in order to provide hrgh availability to 
satisfy patient needs and have accepted the low utilization resulting from 
spoilage. In 1974, the national utilization rate of whole blood and red blood cells 
prior to expiration was estimated to be only 80%. At that time, the federal 
government adopted a national blood policy that called for an all-volunteer 
blood supply to be accessible to all segments of the public. The blood supply 
was to be efficiently administered through forming regional associations of blood 
service units in each of which a RBC and the HBBs that it serves would colla- 
borate to acheve these objectives. 
Each year over two million hospitalized Americans depend on the timely 
avadability of the right type of blood products a t  6,000 hospital blood banks 
(HBBs) in the United States. If the right blood products are not available a t  the 
HBB when required, then medical complications or postponements of elective 
surgery can result, whch  translate to extra days of hospitalization and expense. 
On the other hand, since most blood products may only be administered to a 
patient of the same blood type within 21 days of collection, overstochng leads to 
low utilization, which increases costs and is wasteful of the scarce blood 
resource. 
Or, as Johanna Pindyck, Director of the Greater New York Blood Program 
(GNYBP), the largest in the world, puts it ,  "We face the major problem of how to 
maximize the availability of blood to each of . . .  262 hospitals ... whle effectively 
discharging our implicit covenant to our donors to see that their gift is effi- 
ciently utilized". [ 11 
In 1979, Erlc Brodheirn of the New York Blood Center and Gregory P. Pras- 
tacos of the University of Pennsylvania reported a study that goes a long way 
toward providing a solution to many problems of blood distribution and utiliza- 
tion. The description of their study which follows, together with the background 
C>D M 
above, is taken almost verbatim A their reports [ I ] ,  [2]. Management science 
and operations research techniques had previously been the basis of much work 
on blood management; Prastacos cites 69 references in [2]. 
Approach. The complexity of the blood distribution problem is primarily 
due to blood's perishability, to the uncertainties involved in its availability 
to the RBC, and in the demand and usage for it a t  each of the HBBs. Superim- 
posed on this are the large variations in the sizes of the HBBS to be supplied, in 
the relative occurrence of the different blood groups and in the mix of whole 
blood and red blood cells. 
Since blood, by US national policy, is derived from volunteer donors, its 
availability is uncertain and is a function of factors that  cannot be controlled by 
the RBC. The demand and usage of blood a t  HBBs are  also uncertain and vary 
from day to day and between hospital facilities. The HBBs withn a region may 
range from those transfusing a few hundred units to those transfusing tens of 
thousands of units per year. The most frequently o c c ~ r i n g  blood type (0  posi- 
tive) occurs in approximately 39% of the population, whle the least frequently 
occurring blood type (AB negative) occurs in only about D.5% of the population. 
Whle most medical authorities agree that at least 90% of all blood transfusions 
could be in the form of red blood cells, some hospitals transfuse almost entirely 
red blood cells whde others transfuse entirely whole blood, with the ratio of 
whole blood to red blood cells frequently changing with time as transfusion 
practices improve. 
The national blood transfusion service is characterized by diversity. Each 
RBC has independently evolved its own phlosophies and techniques for blood 
distribution. Each region strives for self-sufficiency in supplying the blood 
needs of the  hospitals in its region from donors who also reside in approximately 
the same area. Because of these factors, it is essential that any strategy dev- 
ised be defensi'ble from the point of view of both the RBC and each of the wide 
range of HBBs tha t  i t  serves. Furthermore, any strategy tha t  involves interac- 
tions between RBCs must provide for clearly defined benefits for all participants. 
Some objectives conflict (e.g., availability vs. utilization of blood a t  an HBB) and 
costs a re  involved that are  difficult to estimate (e.g., the  cost of unavailability). 
As a result of this complexity, regional blood management systems have 
historically been decentralized and reactive in nature, characterized by the 
HBBs placing daily orders to  bring their inventory to  what each considered a 
safe value, and the RBC trying to fill these orders, as  they carne, whde keeping a 
necessary buffer in the  stock. T h s  created a feeling of uncertainty, resulting in 
low utilization and much spoilage. 
After becoming thoroughly familiar with the  practical operations of the 
Long Island blood distribution system, which was to be  the tes t  bed for their 
analysis, Brodheim and Prastacos reasoned that three important management 
concepts should be introduced into the approach that  they were exploring: 
(i) Instead of individual ordering from every HBB, a regional management 
system has to be developed tha t  will allocate most of the available regional 
resources among the  HBBs so that they a re  utilized efficiently. This calls for 
some form of centralized decisionmaking a t  the RBC, w h c h  will operate under 
objectives of overall regional efficiency, as  opposed to  the  existing mode of 
decentralized decisionmakmg, operating under objectives of local (i.e., HBB) 
efficiency. 
(ii) Any regional strategy tha t  allocates blood products to  be retained 
until transfused or outdated will result in low uthzat ion,  especially in  the  case of 
the small-usage HBBs which, in aggregate, account for the largest part  of overall 
blood usage. Consequently, some form of blood rotation is required whereby 
freshly processed blood is sent to an HBB, from whch it may be returned, some 
time later,  for redistribution according to the regional strategy. 
(iii) It is desirable that a significant portion of the periodic deliveries to 
the HBBs be prescheduled. T h s  way the uncertainty of supply faced by the 
HBBs is reduced, with a resulting improvement in planning operations and utiliz- 
ing resources. 
Analysis. The blood needs of a n  HBB can be expressed in t e rms  of the 
demand for blood (i.e., the number of units required to be on hand for possible 
transfusion) and the w a g e  of blood (i.e., the number of units transfused). A 
model is required that translates demand and usage to availability and utiliza- 
tion as functions of the RBC blood distribution policy and the HBBs' blood stock- 
ing policy. Such a model was established by a combination of statistical analysis 
and Markov chain modeling; it was then used to derive regional allocation stra- 
tegies with desirable properties regarding availability and utilization. 
The availability ra te  (i.e., fraction of days when the  inventory of a given 
blood type on hand is sufficient to  meet  the demand) a t  a n  HBB depends only on 
the statistical pat tern of demand and the total inventory level. To establish this 
relation data  were collected on the daily demands lor each blood type a t  a 
number of HBBs. These data,  together with comparable information published 
by other researchers, provided a total of 49 data sets,  each se t  containing the 
daily demands for one blood type a t  one HBB over a period of a t  least six 
months. 
Statistical analysis established a "universal" piece-wise linear relation 
between inventory level and mean. daily demand, with availability rate  as  a 
parameter,  shown in Figure 3.1. Additional tests showed tha t  the model could 
predict the availability ra te  to  wi thn  approximately 10% of actual experience for 
avadabdity rates in the range of 80% to 99%. 
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Figure  3.1. I n v e n t o r i e s  and mean d a i l y  demands f o r  blood 
u n i t s  f o r  g iven a v a i l a b i l i t y  r a t e s  a t  h o s p i t a l  blood banks. 
Source: Brodheim and P ra s t acos  ( 1 9 7 9 ) .  
The acceptable range of availability rates for HBBs was then established by 
requesting a number of HBBs to provide concurrent gstimates of their mean 
r. 
daily demand and the inventory levels in each of the 8 blood types that they con- 
sidered adequate. In almost all cases, the levels that the HBBs considered ade- 
quate turned out to correspond to availability rates of between 90% and 95%. 
It was similarly established that the daily usage could be modeled as a mix- 
ture of a Poisson and a triangular-type distribution whose parameter is related 
to the mean daily usage. These analyses showed that the parameters for the 
models of demand and usage could be readily estimated from records rnain- 
tained by HBBs and further that availability rate could be estimated geliably by 
the model. 
The utilization rate (i.e., the fraction of the supply that is transfused) 
depends on the size and age mix of the blood supply in an HBB, as well as the 
demand. The distribution strategy is also an important issue. After consulta- 
tions with the HBBs, and in agreement with the management concepts outlined 
above, the following class of policies was chosen for analysis. Each HBB receives 
periodic shipments a t  intervals between 1 and 4 days long (to be determined 
from the analysis, depending on the size of the HBB, and other considerations). 
Each periodic shipment to the HBB includes a number of fresh (or, long-dated: 
1-2 day old) rotation units and a number of older (or, stock-dated: 6-7 day old) 
retention units. The latter are retained until transfused or discarded, but the 
rotation units that  are in excess of a fixed desired inventory level a t  the end of 
the period are returned to the RBC for redistribution. Modeling this situation 
called for a finite-state Markov chain analysis. 
The utilization rate model is illustrated for a fixed utilization rate of 98% by 
the family of broken lines in Figure 3.2, where the scheduling factor p is the frac- 
tion of mean daily usage that is replaced by retention shpments.  As an exam- 
ple, if an HBB's mean daily usage for a given bood product is 1.5, then the HBB 
can achleve a utilization rate of 98% by any of the following combinations: 
desired inventory I = 1 and p = 0.89, or I =  3 and p = 0.82, or I = 5 and p = 0.70. 
It was shown that this stocking procedure maintains the mean inventory 
close to this desired inventory level most of the time. It was also shown that 
adding additional stages of returns and redistribution would make only slight 
improvements in the availability and utilization ratesacheved. Since multiple 
redistributions introduce severe logistical problems and significant transporta- 
tion costs, distribution strategies involving more than two stages of distribution 
were not investigated. 
Having derived these models to predict the HBB availability and utilization 
rates for any policy implemented by the RBC, the analysts examined the 
regional allocation problem, assuming that there were fixed penalty costs asso- 
ciated with nonavailable and nonutilized units. They found that  the policy 
minimizing the total expected one-period cost was: 
(1) first allocate all available retention units so as to equalize the utiliza- 
tion rates a t  all HBBs; 
(2) then allocate all available rotation units (wtuch are not subject to  
spoilage whle at the HBB) so as to equalize the availability rates a t  all HBBs. 
It was also shown that  t h s  policy is independent of unit penalty costs, and 
that it maximizes both the availability and utilization of blood in the region 
simultaneously. That is, any deviation from the policy that would reduce utiliza- 
tion would also result in reduced availability for the next period, and vice versa. 
In addition, the analysts found that  the short-term policy had the same 
structural characteristics a s  the policy that was optimal over the !ong run, and 
even that the utilization and availability rates calculated for the short term 
corresponded very closely to the optimal values for the long run. Thus, they 
could return to the result showing that the distribution policy listed above for 
the one-period case was optimal and establish the principle that: 
A distribution policy should seek to equalize utilization rates and avai- 
lability rates among the HBBs in the region. This is also a policy that 





I = FEASIBLE 
INVENTORY 
LEVEL 
M E A N  DAILY USAGE, U 
F i g u r e  3 . 2 .  Fo r  v a r i o u s  mean d a i l y  u s a g e s  U ,  t h e  combina- 
t i o n s  o f  i n v e n t o r y  l e v e l  I and  s c h e d u l i n g  f a c t o r  ,O ( t h e  
f r a c t i o n  o f  mean d a i l y  u s a g e  t h a t  i s  r e p l a c e d  by r e t e n t i o n  
s h i p m e n t s )  t h a t  w i l l  a c h i e v e  a u t i l i z a t i o n  ra te  o f  98% .  
S ou r ce :  Brodheim and  P r a s t a c o s  ( 1 9 7 9 ) .  

























































